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I. Summarv of Research (AFOSR 82-0247)

Durineg the period covered bv this report (September 1, 198Z2-November 30,
1986), the following progress was made.

A. Compounds that contain NF,0, NO, NOy, =NF, ~NsN-, NCl, or NF,
functionalities

Although NF40 is kinetically inert, it can be reacted with strong Lewis
acids either at ambient or lower temperature to form a white salt, e.g., with
AsFg to form NF20+ASF6— which is partially dissociated to the reactants at
25 C. When a trifluorovinvl olefin was added to the salt in the presence of
excess NF40, the corresponding N,N~hvdroxylamine results. With totally
fluorinated l-alkvlolefins (C4Fg and CyF)4) or with other trifluorovinyl
olefins (CFy=CFSFg and CFy=CFC(O)F) only Markovnikov-type addition was
observed, i.e., F added to the vinvl methvlene carbon. However, for olefins
FyC=CFRg¢ {Rg = OCyFg, OCFyCF(CF3)0C4Fy7, Cl or Br) only anti-Markovnikov-type
addition occurred, e.g., NF)O added to the vinyl methylene carbon. To test
the relationship between orientation of addition and the presence of an atom
in the vinvlic position to donate electrons, NFy0 was added to the penta-
fluoroalkvlic ethers CF,=CFCFyOCFyCF(SO,F)CFy and
CF2=CFCFZOCFOCF(CF3)CFZOEF(CF3) to give exclusively the Markovnikov-tvpe
addition products. We believe the orientation of addition can be explained bv
electrophilic attack of NF20+ on the double bonds: perfluorcalkenes gave
Markovnikov products while perfluorovinvl ethers vielded products with the
opposite orientation due to the reversed polarity of the double bond. Addition
reactions occur with terminal olefins only. The compounds formed in the
reaction are colorless, thermally stable liquids.1

During the investigation of trifluoramine oxide addition to fluoro-~
olefins, the occasional formation of small amounts of intensely blue nitroso
compounds, particularlv at elevated temperatures, was observed. For example,
in an effort to form (CFy)RgCFONFy, via a thermally-induced, free radical
addition of NF40 to a fluorocolefin, only perfluoronitrosoalkanes and per-
fluoroalkanes were observed. This probably occurs via a free radical abstrac-

tion of fluorine from NF40 by the olefin to form the alkane and to produce ONF
which subsequently adds to the olefin.

Taking advantage of the ability of radicals to abstract F- from NF40, it
was found that when two parts NO and three parts NF40 were reacted with three
parts olefin, e.g., F)C=CF(n-C5F;;) in the presence of KF with acetonitrile
as solvent, a 78% vield of the nitroso compound resulted. This method was
also useful in converting CFy=CFSF5 and CFy=CFOCyFg to their respective deep
blue nitrosos in good vield. Only Markovnikov-tvpe addition occurred. ?

In continuing the studies of the svnthesis of nitroso-containing com-
pounds, hepatafluoronitrosocvclobutane and nonafluoronitrosocvclopentane were
prepared via reaction of the perfluorocvcloolefin with ONF which was ¢ener-
ated in situ from CINO or NOy with KF in acetonitrile. The formation of the
nitroso compounds is believed to be a stepwise process with the CINO (NOy)
initially and rapidlv being converted to ONF followed bv its much slower
addition to the olefin. The cvclic nitroso compounds underwent thermal
decomposition at 165 °C in Pvrex glass to form colorless nitro derivatives.
1,2-Cvcloaddition reactions occur with CyFy to give oxazetidines, and 1,4~
cvcloaddition reactions with 1,3~hexafluorobutadiene gave oxazines. When the
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nitroso compounds are heated with NyF4 in the presence of SiOy, perfluoro-
cvcloalkvl-N'=fluorodiimide N-oxides, e.g., ﬂﬂ N(O)=aNF, resulted. However, in
the absence of plass, (perfluorocvcloalkvl)difluoroamines, e.g., NFZ.
formed. All of the new compounds are stable at 25 °C and are hvdrolvticallv
stable, at least in the presence of moist air. A molecular ion was observed
in the mass spectra of all ot the perfluorocvclicalkvlinitroso derivatives.3

Further studies on the reaction chemistrv of c-C4F;NO and c-CgFyNO with
aromatic amines in methanol g¢ave rise to a new familv of stable perfluoro-
cvcloalkvl(arvlldiazenes. These are bright vellow materials that were
prepared in low vield and were difficult to purifv.] It is interesting to
note that when CFyNO was reacted with CHyNH), CF4N=NCH4 was produced whereas
when CF4(CF)+CFNO was reacted similarlv with CH4NH,, a diazene l-oxide
CH3N(H)6CF2CFZEN(O)-NCH3 formed. This was confirmed bv an X-rav crvstal
structure determination.3

A ¢as phase electron diffraction structure determination was done for
c-C4F;NO. Comparison with the parent compound, C4Hy, demonstrates that
fluorination of the ring results in lengthening the C-C bonds and flattening
of the ring. Just as for CFyNO, the C-N bond is longer than expected for a
N(spi)-C(spj) bond. The exo orientation of the NO group, i.e., eclipsed
position with respect to the geminal F atom, corresponds to the eclipsed
conformation observed for CF4NO.?

Some verv interesting new N,N-dichloro, N,N-difluoro and =-N=N-compounds
resulted from the reactions of chlorine fluoride with polvcvano compounds or
with difluorcamino or fluoroimino nitriles. For example, with tetracvano-
ethers and chlorine fluoride, saturation of triple bonds occurred with
concomitant loss of [NC13] to leave a five-membered unsaturated heterocvcle,
CIZNCF2C=C(CF7NC12)CFZN(Cl)CFz, and with KCN, chlorine fluoride gave
FC(CFyNCly)y.28

The reactions of olefins RgRg'C=CHy (Rg = R¢' = F: Rg = F, R¢' = H! R¢ =
CFy. Rg' = H) with NyF, gave NFyCF»CN and RgC(CN)=NF (Rf = F or CFy) that when
reacted with chlorine fluoride gave stable N,N-dichloroamines, or in the case
of the latter compound N,N-dichloroamine or N,N-dichlorcamine-N',N'~chloro-
fluoroamine. After complete characterization, photolysis of -NCl, compounds
gave rise to a new familv of stable diazenes.?l The studv of the reactivity
of NF4CFyCN was extended to include its behavior with NHy, NH,OH, N,H4-HCl,
and a varietv of polvfluorcalcohols and diols. When the product from the
ammonia reaction was thermolvzed at 135 °C, a stable heterocvcle,
NFyCFyC=N-C(CFyNF»)=NC(NHy)=N, formed. With CF4C(=NF)CN, ammonia gave three
products that exist in equilibrium at 25 °C HzNésN—N=C(CF3) =
HN=CNHN=C(CF4) &= HN=CNaNCH(CF+).2/

The studv of -NF;- and =NF-containing compounds continues. Interest is
still high in obtaining RgN=NF, RgN=NRg' and other reactive difluoroamino
compounds.

B. Reactions of trifluoromethvl or of perfluoro-t-butvl hvpochlorites

Trifluoromethvl hvpochlorite has been reacted with RCH=CH (R = S0,CH=CH),
(CH40) 481, Cl48i, (CH4)4Si) to form isomeric mixtures of the trifluoromethvl
ethers. With SbFy, CF4OCH)CH(SiCly)Cl gave CF4OCHyCH(SiF4)Cl, and when
CF30CHiSi(CH3)3)CH2C1 was thermolvzed, the vinvl ether CF40OCH=CH) resulted.
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::ﬁ The addition product of CF40Cl with Cl,C=CHC]l was dehvdrochlorinated to
ﬁaﬁ CF40CC1=CCly, which when chlorinated gave CF40CC1,CCly. The latter could not
e be obtained by direct reaction of CF40t! with tetrachloroethvlene. Dechlorina-
tion of the CF40C1/C1,C=CFy addition product gave CF40CCl=CF,, which formed a
oy bis(trifluoromecthvl)ether, CF40C(C1)OCF4CF4Cl that could be dechlorinated
: - with @4P to form (CF40)4C=CFy. 1,1,1-Trifluoropropene with CF40Cl gave a
N 6U0% vield of the Markovnikov-tvpe addition product. CF4OCH(CF4)CH)Cl, which
‘$: when reacted with KOH formed cis~CF4CH=CClH as a result of [CF4OH}. The
L vields of trifluoromethvl ethers formed by reaction of CHJOC(O)CH-CH).
CH4C(0)CH=CHy, and HC(O)CH=CHy with CF40Cl decreased from 65 to 5%.12
AN
:: The reactions of CF4OCl with SFqCF=CF), SF5CCl=CHy, SFqCH=CFy,
s CF4SF4CF=CF, also gave isomeric mixtures of the addition products with the
,nj tfirst olefin, but for the latter three the mator products resulted from the
va addition of CIF not CF40Cl. A rationale for the differing behavior of CF40OCl
with olefins based on the relative electronegativities of the substituent
ﬁtﬁ groups was proposed.!?
5N
Although not as thermallv stable as CF40Cl, (CFy4)4COCl shows a much more
hy interesting and varied collection of behavioral modes including its oxidative
) addition to elements or to central atoms in molecules where their oxidation
A ? state is not maximum. Thus, we have shown that it will add to a varietv of
-~ iodo-compounds at 0 °C. For example, with CF4I, ICFyCF,I, SFgCFyCFyI and
‘{: CeFgl, the following I (III) compounds, CF4I(ORg)y, (Rg0)4ICF,CF3I(ORg)y,
3 SF5CFCFyItORg)y and CHFgI(ORg)y (RgO = (CFy)4CO), resulted, respectivelv. In
;j: addition, with C4FgI(ORg¢)y, further addition to the ring occurred,
WY

(RtO);ICng(RtO)ZCIZ No I (V) compounds resulted regardless of conditions
emploved.

.-I
"
A

.
LI

C. Formation of polvfluoroalkvl fluorosulfates and their reactions with
selected nucleophiles

e

G

In a verv unexpected reaction, we found that polvfluorinated alkvl
sulfites undergo an Arbuzov rearrangement with CIF - a rare mode of reaction

?IN for sulfur compounds.“ Xenon difluoride as the fluorinating agent gave the
v3: same products although in lower vields. Polvfluoroalkvl fluorgsulfates.

‘_j RfOSOyF |{Rg = CF4CHy, (CF3)2CH. CF'j(CH'j)zC. CF4CH(CHy), CH4CHy ), which

X, resulted from the Arbuzov rearranged product of Cl1F + (R¢0}450, were formed in
»_f. higher vields than from reaction of the respective polvfluoro alcohol with

: sulfurvl fluoride or sulfurvl chloride fluoride. When reacted with amines and
~;3 alcohols or alkoxides, new polvfluoroalkvl sulfamates and dialkvl sulfate

;j esters formed. Unlike both perfluoroalkvl fluorosulfates and alkvl fluoro-
jf:~ sulfates, the sulfur-oxvgen bond in these polvfluoroalkvl fluorosulfates

’\j remained intact in the presence of hard nucleophiles. With methanethiol and
AN bromide ion, however, nucleophilic attack occurred primarilv at the a-carbon

of CF4CH,080,F to pive methvl 2,2,2-trifluoroethvl sulfide and 2,2.2-tri-

b ; fluorcethvl bromide, respectivelv. In sharp contrast fluoride ion was inert
iy toward these materials. Unlike perfluoroalkvlfluoro- and chlorosulfates, the
e fluorosulfates in this studv were remarkably stable to hvdrolvsis. 1In
‘ﬁ.. addition the sulfamates were colorless, air and water stable liquids ar solids
ot with verv low vapor pressures. All of the dialkvl sulfate esters are invol-
o atile liquids. insensitive to both air and water.0.11
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D. Svnthesis of polvfluoroalkvl esters of difluorol fluorosulfonvl)acetic
A acid, diesters of difluoro(sulfonvl)acetic acid and some electron
'y diffraction structural studies of cvclic tetrafluorosulfur(VI) compounds

i Tetrafluoroethane-B-sultone is a vulnerable target for a varietv of

X nucleophilic reagents, such as amines, mercaptans, alcohols, hvdrogen sulfide
g and carboxvlic acids. Advantage has now been taken of the electrophilic

! ’ sultfur center in sultones to prepare a varietv of mono-, di-, tri-, and

tetrasulfonvl fluorides. Tetrafluoroethane-B-sultone was reacted with
polvfluoroalkv]l alcohols to vield new polvfluorecalkvldifluoro(fluorosulfonvl)-
£ acetates and di(ovolvfluoroalkvl) esters of difluoro(sulfonvl)acetic acid,
P e.g., ReOM + 6CF2CFZSOZ 3 Rf0C(0)CF,S0yF where R¢ = CF4CHy, CF4CF,CHy,
CF3CF2CF2CH2. C]F15CH2, CF3(CH3)CH, (CF3)2CH, (CF3)2C(CH3) and CH4(CF4)4CHy.
5 Bv changing the stoichiometrv to 2 moles alcohol/]l mole sultone, diesters,
b RfOC(O)CF»S50,0Rf, were synthesized. In addition, alkvlpolvi{(fluorosulfonvl)=-
) difluoroacetates| were obtained, e.g., RCH n{CHyOHY4_, + (3-n)OCF,CFy»50y =
) RCH,(CH,0C(0)CF»S0yF) 3., where R = CHy, n = 0: OyN, U: OC(O)CF,S0,F, 23
CH,0C(0)CF»S0»F, U. The new mono- and diesters are all colorless, slightly
volatile or involatile liquids at 25 “C. Each has high hvdrolvtic
y stabilitv.Z0

Electron diffraction structure determinations were carried out in
cooperation with Prof. H. Oberhammer of Tiibingen. In this instance, two
cvelic svstems, CF,SF,CF,3F, and CFy»CFyCFyCF)SF,, have been studied. Regard-

. less of whether the compound is cvclie or acvelic, the S-C bond length is a
g function of the oxidation state of the sulfur -- the lower the oxidation state
s of sulfur, the shorter and, thus, stronger the bond. The S-F,, bond lengths

are longer bv 0.U36 A than the equatorial bonds and are slightlv longer than
! in SFb.IU te

E. Derivatives of sulfur hexafluoride resulting from oxidative addition-
displacement reactions of trifluoromethvlimidosulfites with chlorine
tluoride. Some reactions of CF4S5F4Cl.

The high kinetic stability of sulfur hexafluoride has caused it to be
emploved onlv rarelv as a precursor to sulfur{VI)-containing compounds.
Because of the inertness of the formal parent molecule. the search for

" alternate routes to mono, di and more highlv substituted sulfur hexafluoride

! derivatives has continued to attract the attention of chemists with goals of
svnthesizing compounds of equivalent thermal and hvdrolvtic stabilitv but,

. e.g., with higher boiling points or improved dielectric properties.

K Earlier in these laboratories, a powertful route to the svnthesis of

. N.N-dichloroperfluoroaikviamines and N,N-dichloroperfluorocalkvliamides, Rg¢NC1

and RgC(OINC1ly, was discovered when the appropriate imidosulfurous difluorides

were reacted with chlorine fluoride, e.g., R¢gN=SFy (R¢C(O)IN=SF,) + excess CIF

‘ 2 RgNCl, (RgC(OINCl,) + SFu. In an attempt to determine the eftfect that less

s electronegative substituents on sulfur (other than ftluorine) would have on the

| products formed when Rg¢N=SXy (X # F) was reacted with chlorine fluoride. a

; varietv of bis(polvfluoroalkvl)(trifluoromethvl)imidosulfites were svnthe-
sized. Surprisingly, oxidative addition reactions between chlorine fluoride
and trifluoromethvlimidosulfites, CF4N=S(ORg¢)y [R¢ = CF3CHy, CF4CFyCHy, and

' CF,CF;CFZCHZI. result in the formation of both the cis and trans tetrafluoro-
bis{polvfluoroalkoxv)sulfur isomers, F,S(OR¢}». The {somers are separated
easilv, with the trans form predominating. The trifluoromethvlimidosulfites,

[ 7
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CF4N=S(ORg)y [Rg = CF4CHy. CF4CF5CHy, CF4CF,CFyCHy. (CF4)»C(CHy), CF4C(CH3),

l¢€ and (CF3),CHI, and CFyN=SOCH,(CF,),CH,0, were prepared from the reaction of

! the lithium salts of the polvfluoroalkvl alcohols and trifluoromethvlimido-
sulfurous difluoride. Reactions of C1F with (CF4CH»0),8=NC(0)0OCHyCFy4 also

o ‘ resulted in cis and trans-F4S(OCH)CFy4)). The reaction of ethvlene glvcol with

;ﬁg trifluoromethvliimidosulfurous difluoride resulted in the imidosulfite,

K CF4N=SOCH,CH,0, when NaF was used as a base.2U.1/

trans-Chlorotetrafluoro(trifluoromethyl)sulfur(VI), CF4SF,Cl, readily
underwent reductive defluorination to sulfur(IV)-containing compounds when it

%‘; was reacted with nitrogen- or oxvgen-containing nucleophiles. Thus,

'”k CF4S(NRy)»Cl resulted from a varietv of nitrogen bases, such as RyNH =

Sy piperidine, 2,6-dimethvlpiperidine, 2,2,6,6~tetramethvlpiperidine, morpheline.

%:. 3,5-dimethvlmorpholine, and N,N'-dimethvlethenediamine. With alcohols,

Wy CF4S{ORg)yCl was formed where RgOH = 2,2,2-trifluoroethanol and 1,1,1-tri-
fluoro-2-propanol. Due to the low stability of all of these compounds,

:{; complete characterization was difficult.2V

N

»zi F. Svntheses and structural characteristics of new highlv fluorinated

;Qv 1,3,2,4-ditt-butvl)diazaphosphetidines

Per

a In an attempt to learn more about the effects of introducing nonster-

.o ically demanding, as well as bulky, stroneglv electron-withdrawing substit-

uents at phosphorus(III) in cis-C1PN(t~C4Hg)P(C1IN(t-C4Hyg) (A) on the forma-
tion, stabilitv, and relative amounts of cis and trans isomers, metathetical
reactions with a varietv of nucleophiles were attempted. A series of lithium
salts of polvfluorinated alcohols were reacted with cis-A to form the polv-
fluorcoalkoxy derivatives. The acyclic derivatives, i.e., RgO = CFyCH,O,
CF4CF»CH,O0, CFjCFZCFZCHZO gave the trans isomer as the major stable product.
However., the cis isomer is the major “stable product formed between A and
CF4CHyOH and CF4CFyCFyCH,0H in the presence of triethvlamine. The trans

S5

*q isomer also was the sole product with hexamethyldisilizane. However, when RO
tale = CF50 ¢4 or (CF4)»CHO, the cis isomer was the more stable conformer. Silver

) trifluoroacetate reacted with A resulting in the trans isomer as the major
.'; product that on standing at 25 °C underwent Arbuzov rearrangement to the
i trifluoroacetvl derivative, and phosphorus was, of course, oxidized to P(V).
‘\}Q Reactions with lithiated polvfluorinated diols, L10CH€(CF2)Z 4CHy0Li, produced
:« the polvfluorobisalkoxv-bridged dlazaphospheridlnes |

f)

G. Phosphorus(V) acids, acid phosphates, hvpochlorites and peroxides and
f’ their precursors

4
h*: Some new routes to the previously known acids (Rg)yP(0O)OH and RgP(OI(OH) )
o (Rg = CFy. n=CyFy) as well as to the new acids (CyFg))P(O)OH and CyFqP(0O)(OH),

were found. In addition, several mixed chloro(perfluoroalkvl)phosphorus(III)

; and -{V) compounds have been svnthesized as reaction precursors, including
S (CyFg)yPCly, CyFgPCly. (CyFg)yPCl, CyF5PCly. (CyF5)pP(0)CL, and C2FgP(0)Cl,.

$- Under certain conditions, when chlorophosphines were oxidized with an excess
Krvg of NOy. acid anhvdrides resulted, e.g., {(CyFg)yP(Q)OP(0O)(CyFg)y and
" c-(CyFgP0Oy) 4. 13
L
i The new dibasic acid phosphates, RgOP(OI(OH)y (R¢ = (CF43,CH and
“$ CF4(CH4)CH) and monobasic acid phosphates, (R{0))P(O)OH (R¢ = CF4(CH4)CH,

o (CF4)CH, (CF3)yCH4C, CF4(CH4)»C), as well as new routes to CF4CHyOP(0)(OH)y,
:' and (CF4CH,0)P(0)OH and {H(CF,),4CH,0[,P(0)OH were found. When heated in the
o
¢
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presence of water at BU - 100 °C, (R§0}yP(0)IOH was hvdrolvzed to RgOP(O)(OH),
which was converted to H4PQ4 at higher temperatures. The dibasic acid phos-
phates RgOP(O)(OH)) (Rg = (CF3))CH4C, CF3(CH3)»C) underwent dehvdration to
form |RgOP(OI(OH) |40, Additionallv, the chloro precursors to these acids have
been svnthesized. including the (polvfluoroalkvl)dichlorophosphinites, RgOPCl,
(R¢ = CF4CHy, CF4(CHy4)CH, (CFy)€H, (CFy),CH4C, CF4(CHy)yC), and bis(polv-
flueroalkvl)chlorophosphonites, (Rg0)4PCl (R¢ = CF4CHy, (CF4),CH4C,
CF4({CHy)»C). If dinitrogen tetraoxide was used as an oxidant, the former
were converted to RgOP(0)Cl, and the latter to (Rg0)}»P(0)Cl. Lithium polv-
fluoroalkoxides with PCly gave tris{polvfluoroalkvl)phosphites. (RgO)34P (Rf = |
CF4(CH4)CH, (CF4),CH4C, CF3(CH4)»C, CF4CHy, and (CF3))CH), which were oxidized
to (Rg0)4PO phosphates with Ny0O4. In some cases. (Rg0),PCl (Rg = (CFy)yCH4C,
CF4(CH3),»C) gave tetrakis(polvfluoroalkvl) diphosphates,
(Rg0),P(O)OP(O)(ORg)y, and CF3CHyOPCly gave CF3CH,OP(0)(u-0),P(0)OCH,CF3. The
(Rf0¥3P rhosphites (Rf = CF3CH2, CF3(CH3)CH, (CF4)yCH4C, CF3(CH3)2C) underwent
Arbuzov rearrangements with Cl) to form (Rg0)4P(0)Cl. Hvdrogen chloride
converted {CF3(CH3)»CO|4P to [CF3(CH3),»CO0j3P(0)H, which with chlorine formed
[CF3(CHy)»CO1,P(0)CL. 15
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Tetrabasic 2,2,3,3-tetrafluoro-l,4-butanedivl bis(phosphate) and
2,2,3.3,4.4,5,5-octafluoro-1,6-hexanedivl bis(phosphate),
(HO) sP{0)OCH( CF») ,CHyOP{0O)(OH)y (n = 2, 4), and monobasic 5.5,6.6-tetra-
fluoro-2-hvdroxv-1, 3,2-dioxaphosphepane 2-oxide, HOP(O)OCHZCFZCFZCHZG wvere
prepared by controlled hvdrolvsis of the appropriate bis(phosphorodichlor-
idates) and 2-chloro-5.,5.6,6-tetrafluoro-1,3,2-dioxaphosphepane Z-oxide, i.e., .
ClyP(0)OCH,(CFy),CHyOP(0)Cly (n = 2, 4) and C1P(0)OCH,CF,CF,CH,0. The latter '
compounds were obtained bv the dinitrogen tetraoxide oxidation of
Cl,POCHy{CFy),CH)OPCl, (n = 2, 4) and C1POCH,CF;CFyCH;0 which were svnthesized
from the reactions of PCly with HOCH,(CFy),CHyOH (n = 2, 4) and
HOCHy(CFy)CH,0H, respectivelv. On heating at 95 “C in the presence ot excess
water, HOP(0)OCH,CFyCF,CH)0 was converted to H4PO, and the parent diol. The
tetrabasic bis(phosphates) hvdrolyvzed at 175-200 °C to form H4PO4 and the
respective diols.l8

The new compounds, bis{perfluoroalkvl)phosphinvl hvpochlorites,
(CF4)4P10)OCL, (CyFg)yP{0)OCL and (C4Fy)yP(0)OC]l were readily obtained bv the
reaction of the respective phosphinic acid, (R¢)}yP(OIOH, with chlorine
fluoride at =78 °C. Each hvpochlorite decomposed on warming to 25 °C to form
chlorine and a new class of peroxides, {CF3)»P(0)00P(Q)I(CFy)y,
(Cst)zP(O)OOP(O)(CzFS)Z and (CaFg)zP(O)OOP(O)(CaFg)z, which were stable for
extended periods in Pvrex glass at 25 °C. Strong vibrational bands in the
Raman spectra at ~ /50 cm™' were assigned to vg-g.

H. Carbonv]l fluoride as a novel fluorinating agent

A patent on the utilization of carbonvl fluoride as a mild fluorinating
agent was filed bv the Research Corporation but was subsequentlv rejected bv
the U. S. Patent Office. We continue to be interested in this method of
'f introducine fluorine into metal and nonmetal compounds. The following points
N can be made with respect to its capabilities as a fluorinating agent.<
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1. verv effective as a nonoxidative reagent at T £ 150 °C and without
catalyst with metal oxides., e.g., GeOy, SnO», Biy03, MoOy, WOy,
Sb203. SeOz. TeOz. Ti0y, Mn0y, U0y, ThOz. HegO (vellow), VOF4: with
nonmetal oxides, e.g.. S04. P401y. SO0y, SOF», B,0y, 04PO,
@3CH(CH3)9NH, (RO)»P(0O)H. €Oy is the other product.

2. oxidative fluorination at 25 °C with R4P, (RO)4P, QPCH)CH,PQ,.
®,PCH, CH,AsPy. CO is the other product.
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